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Sir: 

I, Dr. Michel Hocquaux, declare the following: 

I am a co-inventor of the above-identified U.S. Patent application. 

I have read and understand the specification and claims to tjie above-identified 
application and the outstanding Office Action of June 19, 2007. 

I am experienced in the field of cosmetics, as demonstrated by my 
copy of which is attached hereto as Exhibit A. 

I understand the Examiner's rejections as set forth in the Office Acti 
including rejections based on enablement under 35 U.S.C. § 1 12, first 
enablement of the presently claimed invention, I submit hereinbelow 



Birch, Stewart. Kolasch & Birch, LLP 



curriculum viteae, a 



of June 19, 2007, 
As evidence of 
[ empirical and 
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objective evidence of the efficacy of the presently claimed invention. The 
in Experiment 1 below was conducted on my order by a company named 
located in Gencay (France). The experiment presented in Experiment 2 below 
my order by DERMSCAN Group and located in Lyon, France. These 
which demonstrate the effectiveness of the presently claimed methods and 
purposes recited in the present claims. 



4ioalternatives and 
was conducted on 
provide data 
compositions for the 



expeni aents 



EXPERIMENT 1 

The in vitro growth of human hair follicles in a control medium or in pi esence of peptide 
conjugates claimed in the present application has been analyzed. The efficacy of the peptide 
conjugates according to the invention was further compared to that of the stancfard hair regrowth 
product Minoxidil. 



Human hair follicles were obtained from human scalps obtained after >lastic surgery and 
their in vitro growth analyzed as described in Pbilpott et al., J Cell Sci., 199f> } 97(Pt 3):463-71 
(copy of which is attached hereto as Exhibit B). Briefly, human anagen hair follicles were 
isolated by microdissection from human scalp skin obtained after plastic surgejry. 

Isolation of the hair follicles was achieved by cutting the follicle at the dermo- 
subcutaneous fat interface using a scalpel blade. Intact hair follicles were then 1 removed from the 
fat using watchmakers' forceps. 
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Isolated hair follicles were then maintained free-floating in 500 uL of ]Villiams 
medium supplemented with 1 % foetal calf serum, 1 niM-L-glutamine, insulin j(10 
transferrin (10 ug ml" 1 ), hydrocortisone (10 ng ml" 1 ), sodium selenite (10 ng 
(2.5 ug ml" 1 ), penicillin/streptomycin (100 units ml" 1 ) and trace elements 
wells of 24-well multiwell plates. Various concentrations of several peptide conjugates v 
further added to the medium. 

The following peptides were added to supplemented Williams E me( 



(Gibco) 



Name 


Formula 


Corresponds to 




GF0 2 


H-Gly-His-Lys-OH 


general formula (II) with A =methai 
abond,Y = OH 


oic acid, X= 


GF0 6 


Ac-Lys-Gly-His- 
Lys-NH 2 


Claim 15, peptide conjugate n°8, wi 
acid 


h A = acetic 


RE79 


Lip-Gly-His-Lys- 
NH 2 


general formula (II) with A = lipoic 
bond,Y = NH 2 


acid, X= a 


RE78 


Lip-Gly-His-Lys- 
OH 


general formula (II) with A = lipoic 
bond, Y = OH 


acid, X= a 



E 

Mgrnl" 1 ), 
), Fungizone 
in individual 



Ac = acetic acid, Lip = lipoic acid 

As a positive control experiment, minoxidil (1 .2 10" s M) was added to 
Williams E medium instead of a peptide conjugate according to the invention. 

In negative control experiments, no additional compound was added tc the supplemented 
Williams E medium. 

Follicles were maintained free-floating in individual wells of 24-well 
37 °C in an atmosphere of 5% C02/95 % air during 8 days. This permitted 
measurements to be made on the length of individual hair follicles. Measurements were made 
using a Nikon Diaphot inverted binocular microscope with eye-piece measuring graticule. 



the supplemented 



multi-well plates, at 
de ailed 
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For each peptide conjugate, the experiment was conducted on at least 
follicles. 

Results 

The mean supplementary percentage of growth of hair follicles in the 
1 or peptide 4 compared to hair follicles in control medium was calculated, 
in following Table: 



12 human hair 



of peptide 
Rejsults are displayed 



Compound added 


Concentration 


Mean growth % cc 
today 0 


mpared 


GF0 2 


KT'M 


58.6% 




GF0 6 


10"' M 


47% 




GF0 6 


4 10-"M 


45% 




RE79 


2 10'' M 


36% 




RE78 


3.8 10- y M 


33% 




Minoxidil 


1.2 10' 3 M 


41% 





These results clearly show that the peptide conjugates according to thej invention permit 
to increase the growth of human hair. 

More importantly, these peptide conjugates induce human hair growth more significantly 
than the reference product Minoxidil, and at a lower concentration. 
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iunteers, after 2 
lotion 

lkis-Lys-NH2, and 



EXPERIMENT 2 

This study was conducted to evaluate the anti-loss effect on healthy vo 
and 4 months of application of two capillary lotions: one placebo lotion and < 
containing peptide conjugate GF06. 

Peptide conjugate GF06 displays the following formula: Ac-Lys-Gly- 
corresponds to peptide conjugate n°8 of claim 15, with A = acetic acid. 

The effects on hair loss were evaluated by: 

studying the hair formula: hair density, proportion of hair in anagen a 
studying hair growth. 

The second objective of this study was based on a subjective evaluatio i following the 
treatment of volunteers: assessment of products tested, their tolerance, their 
future use. 

Proi 



Products tested: 

Lotion A: PLACEBO lotion 

Lotion B: Lotion containing GF06 10 ppm 

Criteria for inclusion of volunteers 

Sex: male 

Age: between 18 and 50 years 

Hair loss problem (proportion of hair in telogen phase > 15 %) 

Number of volunteers analysed: 

Anti-loss effect: 

Lotion A: 19 at T2 m0 nths and 17 at T4monihs 
Lotion B: 19 at T 2m cmths and T 4m0I ith S 



efficacy and their 
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Subjective evaluation: 

Lotion A: 17 
Lotion B: 19 

Average age of volunteers: 

Lotion A: 34 years (between 23 and 45 years) 
Lotion B: 34 years (between 23 and 44 years) 

Average % of hair in telogen phase of volunteers: 

Lotion A: 36.9 % (between 17.6 and 67.3 %) 
Lotion B: 36.8 % (between 14.6 and 73.1 %) 

Treatment: 4 months of application of lotion A or lotion B in the amount of one application per 

day, every two days on the scalp. 
Evaluation at TO, T2 months and T4 months: 
Study of changes in the following parameters: 

Hair formula (hair density, proportion of hair in anagen and telogen phase) 

Hair growth rate 
Subjective evaluation (questionnaire) 
Measurement technique: videotrichogram 

The instrument used is a MORITEX® videomicroscope equipped with a mobile optical 
fibre lens (x25) combined with an image acquisition system. 

The lens is placed directly on the area to be studied, making it possible^ to flatten the hair 
on the scalp. The images are digitised and saved. 

The image acquisition was performed on day zero, immediately after shaving an area of 1 
cm 2 of the scalp. Two days after the shaving, a second acquisition was performed, thus making it 
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possible to distinguish the hair in the anagen phase (lying flat) from the hair in the telogen phase 
(growth stopped). 



JourO 


DayO 


Jour 2 


Day 2 1 


Cheveu en phase telogene 


Hair in telogen phase 



Results 

The results presented were obtained for a group of volunteers selected according to the 
following criteria: 

elimination of volunteers with values missing at the time of the data analysis, 
elimination of volunteers with abnormal values (for ex. increase in projportion of hair in 

telogen phase between TO and T2months) 

In total, the analysis of the results is presented for: 

1 6 volunteers in the subgroup treated with the PLACEBO lotion 

12 volunteers in the subgroup treated with the GF06 lotion 

Hair density in the anagen phase 



Moyenne ± EC 


Average ± SD 


Variation % 


% Change 


T2mois 


T2months 


Density des cheveux 


Hair density 


Densite des cheveux en phase anagene 


Hair density in anagen phase 


significatif 


significant 



The change in the hair density in the anagen phase does not vary in volunteers treated 
with the PLACEBO lotion, whereas this density changes significantly (increase by +15 %) in 
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volunteers treated with the GF06 10 ppm lotion after 2 months of treatment. This change 
demonstrates the efficacy of GF06 on hair growth stimulation. 

The statistical data analysis shows a significant difference (p = 0.044) between the two 
groups of volunteers (untreated/treated). 
Hair density in telogen phase 



Moyenne ± EC = 


Average ± SD 


Variation % 


% Change 


T2mois - 


T2months 


Density des cheveux 


Hair density 


Densite des cheveux en phase telogene 


Hair density in telogen phase 


Semaine 


Week 


non-significatif j 


not significant 


significatif I 


significant 


Variation en % de la phase telogene 


Change in % in the telogen phase 


% de variation 


% change 


Temps (seraaines) 


Time (weeks) 



The change in the hair density in the telogen phase increases in volunteers treated with 
the placebo lotion, whereas this density decreases significantly (- 12 %) in volunteers treated 
with the GF06 10 ppm lotion after 2 months of treatment. This change demonstrates the efficacy 
of GF06 on the reduction of hair loss. 

The statistical data analysis shows a significant difference (p = 0.004) between the two 
groups of volunteers (untreated/treated). 



Calcul du ratio A/T (mm/jour) 


Calculation of the ratio A/T (m/day) 


T2mois 


T2raonths 


Variation T2mois 


Change T2months 
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A 38 % increase in the A/T ratio after 2 months of treatment is observed in the group of 
volunteers treated with GF06 10 ppm. 

A statistical data analysis also showed a significant difference (p = 0.025) between the 
two groups of volunteers (untreated/treated). 
Subjective analysis: 

Subjectively, the majority of volunteers assessed the use of the product for its ease of use 
(application, penetration) and for its efficacy: 

63 % of volunteers observed an improvement in the state and appearance of their hair, 

74 % noted a decrease in their hair loss, 

59 % observed an increase in the hair growth rate. 



The overall analysis of these results obtained for a volunteer population with alopecia 
enabled us to demonstrate the efficacy of our product after treatment of the scalp in an amount of 
one application every two days. 

The increase in the hair density in the anagen phase (+ 15 %) and the decrease in the 
density in the telogen phase (- 12 %) in patients treated for 2 months with a GF06 1 0 ppm lotion 
demonstrates the significant efficacy of the product both for the stimulation of hair growth 
(anagen phase) and in the reduction of hair loss (telogen phase). 

In addition, the proportion of hair in the anagen phase with respect to the proportion of 
hair in the telogen phase (A/T ratio) increases by more than 38 % when this ratio is compared at 
time TO with that calculated after 2 months of treatment with GF06 10 ppm. 
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STATEMENT TINDER 18 U.S.C. S 1001 



I hereby declare that all statements made herein of my own knowledge are believed to be 
true, and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 





Attachment: 

• Exhibit A- Curriculum Viteae of Dr. Michel Hocquaux 

• Exhibit B- Philpott et al., J Cell Set , 1990, 97(Pt 3):463-7 1 
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PERSONAL SKILLS 
3 Research 

• Knowledge of research topics in different areas of cosmetics: 
skincare, haircare, make-up, sun protection 

• Devising and monitoring operational research projects and managing 
groups of horizontal projects 

• Scientific communication 

O Management 

• General Management of a Research company 

• Management of Research Departments containing multi-disciplinary 
teams with 75 employees 

• Management of technical and human resources functions 

• Responsible for budgets of several thousand euros 

O Marketing 

• Overall knowledge of the cosmetics markets: segmentation, growth, 
trends 

• Mastery of development processes for new active ingredients and 
research/marketing relationships 

• Knowledge of purchasing processes in large cosmetics Groups 



PROFESSIONAL EXPERIENCE 



MANAGING DIRECTOR of the European Institute of Cellular Biology 

*Since 01/01/2004, Managing Director of a biotechnology company with 10 
members of staff, whose business is the Research and Development of peptide 
ingredients for cosmetics and dermatology. 
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*Since 01/10/1999: Director of MH Consultant, a technical innovation 
consultancy firm in the areas of cosmetics, dermatology and fine chemistry 

> Setting up a network of experts 

> Working with: 

*the fine chemistry sector, to produce new raw materials: Rhodia, 
Coletica etc. 

*the cosmetics sector, to devise new concepts and research active 
ingredients and formula systems: YSL, LVMH, Clarins 
*the dermatology sector, in the area of sun protection: Pierre 
Fabre Dermocosmetique 

*From 01/10/98 to 01/10/99: Exclusive scientific consultant to the L'Oreal 
Advanced Research department 

L'OREAL- RESEARCH 

*16/10/96 to 18/09/98: Director of Make-up Applied Research Department 

> Founding of a new AR department, dedicated to Make-up 

> Defining its organisation and putting in place a recruitment drive to increase 
the size of the department from 12 to 40 

> Organising a project operating method 

*01/06/94 to 16/10/96: Director of Chemistry Department 

> Regrouping all the similar units into one standard Department with 75 staff 

> Setting up a new multi-disciplinary organisation to focus on rapid 
integration of marketing and development needs 



*18/10/89 to 31/05/94: Head of Section. Chemistry 

> Responsible for three research units with 30 researcher; 



*03/01/77 to 18/10/89: Research engineer, then Head of a resear :h unit 



> Responsible for a unit of 10 people, reporting to the Advanced 
Research Manager 

> Responsible for 2 projects: research into anti-ageing molecules and 
anti-hair loss molecules 

MAIN ACHIEVEMENTS 

MANAGEMENT and MARKETING 

> Preparing development and distribution contracts 

> Managing development contracts between companies supplying r 
materials and cosmetics companies 



> Management of Research Departments 

> Founding a new Advanced Research Department 

> Scientific collaboration with a number of public research 
(French National Centre for Scientific Research) and 
industry - suppliers of raw materials 

OPERATIONAL RESEARCH 

> As Director of Make-up AR: 
*initialisation of new concepts 

*transf erring technologies to the make-up sector from < 
the food processing industry 



As Director of the Chemistry Department: 

*"new colour families'' project to improve the durability olf hair colour 
*"ceramides M project leading to the industrial synthesis a|f the "R" ceramide, 
essential progress in terms of hair protection 

*"new UV/A sun filter" project, leading to the "Mexoryl %L" derivative, an 
absorbent lipophilic sun filter in UV/B and A 

As a Researcher and Head of unit: 
Coordinator of the anti-hair loss project and responsible; for the programme to 
synthesise new anti-hair loss derivatives, leading to a new active ingredient used 
in several ranges: Aminexil 



centres - the CNRS 
sities - and 



o her sectors such as 



Responsible for the programme to synthesise anti-ageing molecules, leading to 
the new derivative lipophilic hydroxy acid formulated in various Vichy, Lancome 
and La Roche Posay commercial products. 

PUBLICATIONS and PATENTS 

> Oral and written scientific publications for numerous launches 

> 30 scientific publications 

> Patents: 3 patents filed with the company IEB 

- 34 patents filed personally with L'Oreal 

- over 100 patents filed under my responsibility 

EDUCATION 

1998: International Management seminar at CEDEP (European Centre 
for Continuous Education) 

1996: Recruitment Interviewing seminar (SHL France) 
April 1994-October 1995: general Management Program a t CEDEP 



(European Centre for Continuous Education) / IN5EAD a1 
Fontainebleau 

> 1992: Management seminar (RITME International) 

> 1991: communications seminars (KS Communications) 

> 1971-1976: Preparation of a doctorate, Universite-Paris Vl at 
CERCOA/CNR5 (French National Centre for Scientific Research) 
"synthesis and pharmacological research in the area of ar algesics 1 

> 1971: Graduated from Universite Paris VI 

MEMBERSHIP of PROFESSIONAL INSTITUTES 

> Chemical Society of France 

> French Polymers Group 

> French Society of Cosmetology 

> French Polyphenols Group 
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Summary 

We report for the first time the successful mainten- 
ance and growth of human hair follicles in vitro. 
Human anagen hair follicles were isolated by mic- 
rodissection from human scalp skin. Isolation of the 
hair follicles was achieved by cutting the follicle at 
the dermo-suhcutaneous fat interface using a scal- 
pel blade. Intact hair follicles were then removed 
from the fat using watchmakers' forceps. 

Isolated hair follicles maintained free-floating in 
supplemented Williams E medium in individual wells 
of 24-weli multiwell plates showed a significant 
increase in length over 4 days. The increase in length 
was seen to be attributed to the production of a 
keratinised hair shaft, and was not associated with 
the loss of hair follicle morphology. [me<hvJ- 8 H]thy. 



midine autoradiography confirmed that in vitro the 
in vivo pattern of DNA synthesis was maintained; 
furthermore, [^methionine labelling of keratins 
showed that their patterns of synthesis did not 
change with maintenance. 

The importance of this model to hair follicle 
biology is further demonstrated by the observations 
that TGF-/J1 has a negative growth-regulatory effect 
on hair follicles in vitro and that EGF mimics the in 
vivo depilatory effects thai have been reported in 
sheep and mice. 



Key words: human hair follicles, ojrgan maintenance, growth 



Introduction 

The hair follicle is composed of epithelial components (the 
matrix and outer root sheath) and dermal components (the 
dermal papilla and connective tissue sheath). Hair 
growth, which is effected by the division of the hair follicle 
matrix cells under control of the dermal papilla, is cyclical 
in the mammal. Three distinct stages of hair growth can 
be identified, an active phase (anagen) during which hair 
growth occurs, an intermediate regressive (catagen) stage 
and a resting phase (telogen) during which no cell 
proliferation occurs. The factors that regulate cell division 
within the hair follicle matrix cells, and which control the 
hair growth cycle, are poorly understood, although growth 
factors (Moore et al. 1981; Green et al. 1983; Green and 
Couchman, 1984; Panaretto et al. 1984; Nanney et al. 1984; 
Akhurst et al 1988; Green, 1989; Messenger, 1989), steroid 
hormones (Takayasu and Adachi, 1972; Schweikert and 
Wilson, 1974; Sultan et al. 1989), dermo-epithelial 
interactions (Jahoda et al. 1984) and the immune system 
(Sawada et al. 1987; Pauss et al. 1989) have been 
implicated. Our lack of understanding of the regulation of 
hair growth has been caused in part, by the lack of good in 
vitro models (Philpott et al. 1989; Buhl et al. 1989). We now 
report for the first time on the successful growth of human 
hair in vitro, and on the in vitro effects of growth factors 
and mitogens on our model. In particular, we show that 
epidermal growth factor (EGF) mimics the in vivo 
depilatory action of EGF, resulting in the formation of a 
club hair-like structure; and that transforming growth 
factor beta one (TGF-/J1) may serve as a negative growth 
regulatory factor for the hair follicle. 
Journal of Cell Science 97, 463-471 (1990) 

Printed in Great Britain © The Company of Biologists Limited 1990 



Materials and methods 

Materials 

Williams E medium (minus glutamine), L-glutamine, Fungizone, 
penicillin and streptomycin were supplied by Gibco, ail other 
tissue culture supplements came from Sigma. Polycarbonate 
filters were supplied by the Nucl^opore corporation. All radio- 
chemicals were from Amersham, GF/C filters came from 
Whatman and ATP monitoring kits were supplied by LKB 
Instruments Ltd. Mouse EGF and TPA were purchased from 
Sigma. Porcine TGF-y51 was from R&D systems lnc; synthetic 
human IGF-1 was supplied by Bachem Feinchemikalien. Minoxi- 
dil was a kind gift from Unilever Research, Colworth House, 
Sharnbrook, Bedford; EGF, TGF-/J1 and IGF-1 were all assayed 
for mitogenic activity using 3T3 or keratinocyte test cells at 
Unilever and were found to have the expected biological 
activities. 



Isolation and maintenance of human hair follicles 
Human anagen hair follicles were isolated by microdissection 
from human scalp skin, taken! from females aged 35-55 
undergoing facelift surgery. Isolation of hair follicles was 
achieved by using a scalpel blade to cut through the skin at the 
dermo-subcutaneous fat interface. The intact hair follicle bulb 
was removed from the subcutaneous fat, under a stereo dissecting 
microscope, using watchmakers' forceps, by gently gripping the 
outer root sheath of the follicle in the forceps and pulling the hair 
follicle from the subcutaneous fat This results in the isolation of 
intact hair follicle bulbs without sustaining any visible damage, a 
factor that is essential if successful maintenance of hair follicles is 
to be achieved. 

Isolated hair follicles were maintained in 500 /il of Williams E 
medium with supplements as previously described (Philpott et aL 
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1989). Follicles were maintained free-floating in individual wells 
of 24-well multi-well plates, at 37"C in an atmosphere of 5% 
C<V 95 % air. This permitted detailed measurements to be made 
on the length of individual hair follicles. Measurements »»™ 
made using a Nikon Diaphot ii 
eye-piece measuring g 



Rates of DNA and protein synthesis 
The rates of DNA and protein synthesis in isolated hair follicles 
were investigated by measuring the rates of incorporation of 
[metM-^thymidine and [U- 14 C]leucine, respectively, into per- 
chloric acid (PCA)-precipitable material. Incubations were car- 
ried out in plastic Eppendorf tubes containing 500 pi of Williams 
E medium supplemented with lpCi of 3/im [m«i/yi- s H]thyroidine 
(specific activity 0.67mCipmol _1 ) and 0.5 pCi of 0.5 mm [U- 
w C]leucine (specific activity 2mCimmor 1 ); samples of thymi- 
dine and leucine were freeze dried prior to the addition of the 
Williams E medium to remove all traces of ethanol. Eppendorf 
tubes containing hair follicles were then incubated in stoppered 
plastic tubes containing 0.5 ml of distilled water in a gently 
shaking water bath at 37 0 C in an atmosphere of 5 % C0 2 /95 % 0 2 - 
Incubations were carried out for 3 h. 

After incubations were complete, the Eppendorf tubes contain- 
ing the hair follicles were removed from their plastic tubes and 
briefly centrifuged at 12 000 firto bring down the hair follicles. The 
supernatant was then removed with a Pasteur pipette taking care 
not to remove the hair follicles as well. The follicles were then 
washed by resuspending them in 1ml of PBS supplemented with 
10 mM thymidine and 10mM leucine; the follicles were then 
briefly centrifuged as before and the supernatant removed. After 
three such washes the follicles were resuspended in 1 ml of 0.1 m 
EDTA. pH12.3, and transferred using a Pasteur pipette to a 
ground-glass homogeniser. Following homogenisation, the hom- 
ogenate was transferred to an Eppendorf tube and centrifuged for 
15min at 12 000 g, to precipitate cell debris, after which the 
supernatant was removed for assay. Samples (100 pi) were 
removed for total DNA assay, and macromolecules in the 
remaining supernatant were then precipitated by the addition of 
500 pi of 25% (v/v) PCA. The samples were then left overnight at 

The resulting precipitate was collected onto Whatman GF/C 
filters, under vacuum. The filters were then washed with 10 ml of 
10 % (w/v) trichloroacetic acid (TCA) followed by 5 ml of 5 % (w/v) 
TCA and then dried with 1 ml of ethanol/diethyl ether (1:1, v/v). 
Radioactivity was counted in 10 ml of Optifluor® scintillant using 
dual counting liquid scintillation spectrometry. Control exper- 
iments were carried out in which the cell debris was solubilised in 
1 ml of Soluene® and radioactivity counted in 10ml of Optifluor® 
as described above, these controls showed that less than 10% of 
incorporated radioactivity was discarded in the cell debris pellet. 

Hair follicle DNA content 

Total hair follicle DNA content was determined using the 
nuorometric diaminobenzoic acid method (DABA) of Fiszer- 
Szafarz et aL (1981). Portions (100 fd) of sample were freeze dried 
under vacuum using a Virtis unitrap vacuum freeze drier. DABA 
{O^Sgmf -1 ) was made up in distilled water decolorised by 
shaking with activated charcoal (0.15 gml -1 ) for 3 h, then filtered 
through a Millipore filter (0.45 pm) and stored in a glass vial in 
the dark until required (DABA was prepared fresh daily and not 
stored overnight). DABA (100 pi) was then added to the samples, 
which were incubated in a water bath for 45min at 60"C. After 
this 1.5 ml of 1m HC1 was added to the samples and the 
fluorescence measured using a Perkin Elmer LS5 spectrofluor- 
ometer with an excitation wavelength of 420 nm and an emission 
a made up in 0.1 m 



SOmin, following which 20 pi of sample was removed and 
neutralised with KOH. The sample was then centrifuged at 
12 000 g for 5min, after which a 10 pi sample was taken and 
assayed for ATP by adding 80 pi of 0.1m Tris-acetate buffer, 
pH 7.75, followed by 10 pi of monitoring reagent. The ATP content 
was then measured using a LKB 1250 luminometer. 

Autoradiography 

Hair follicles were incubated for 6 h in 500 pi Williams E medium 
containing 5 pCi [me%^H]thymidine (spec. act. 3.3 pCi nmol ). 
After incubation follicles were washed in PBS supplemented with 
10 mM thymidine and then fixed for lh in phosphate-buffered 
formaldehyde. Follicles were then mounted in 3% agar fixed 
overnight in phosphate-buffered formaldehyde and then embed- 
ded in wax and sectioned. Autoradiographs were prepared using 
Ilford K5 dipping emulsion. Sections were stained using 0.1% 
Toluidine Blue. 

Patterns of keratin synthesis 

These were investigated by incubating the hair follicles in 500 pi 
Williams 1 medium containing 100 pCi of 1 mM [ aB S]methionine 
(spec. act. 0.22pCinmol- 1 ) for 24h at 37 9 C. Follicles were then 
washed three times in PBS containing 10 mM methionine and 
then homogenised in ice-cold lysis buffer (1 % Triton X-100, 1 % 
sodium deoxycholate, 0.1 % SDS, 50 mM NaCl, 5 mM EDTA, 1 mM 
phenylmethylsulphonyl fluoride (PMSF), 60 mM Tris-HCl, 30 mM 
sodium pyrophosphate, pH 7.4; Green et td. 1986). The homogen- 
ate was centrifuged at 12 000 £ in an Eppendorf microtube for 
15min and the supernatant was discarded. The pellet was then 
twice extracted with a high-salt buffer (600 mM KC1, 5 nm EDTA, 
5mM EGTA, 50 mM Tris-HCl, pH7.4; Mischke and Wilde, 1987). 
The supernatant was discarded and the insoluble pellet analysed 
by sodium dodecyl sulphate (SDS)-acrylaroide gel electrophoresis 
as described by Laemlii (1970). Gels were then dried under 
vacuum and autoradiographs produced using Kodak X-OMAT 
diagnostic film. 

Iramunoblot analysis of proteins to identify keratins was 
carried out by electrophoretic transfer from gels to nitrocellulose 
membranes (Towbin et al. 1979), using a Bio-Rad Trans Blot 
system (Bio-Rad Laboratories). Membranes were incubated for 
2h at room temperature in PBS containing 5% skimmed milk, 
0 05% Tween 20 to reduce non-specific binding, and then 
overnight with a wide spectrum rabbit anti-keratin polyclonal 
antibody (Dakopatts). The membrane was then washed for 30 min 
in PBS containing 0.05 % Triton X-100, and then incubated for 2 h 
with a 1:1000 dilution of goat anti-rabbit IgG peroxidase 
conjugate (Sigma). Bands were visualised by incubating the 
membranes with PBS containing O.Smgml- 1 8,3'-d- ' * 
dine, 0.01% H20 2 . 



Hair follicle ATP contents 

This was measured using LKB-ATP monitoring kits based on the 
luciferin luciferase assay of ATP (Stanley and Williams, 1969). 
Hair follicles were placed in 500 pi of Williams E medium to which 
was added 100 pi of 20 % PCA; the follicles were then left on ice for 



Isolation and maintenance of hair follicles 
It was found that by cutting human skin into thin strips 
approximately 3-5 mm x 10 mm and then using a scalpel 
blade to cut away the subcutaneous fat at the level of the 
sebaceous gland, and using a pair of watchmakers' forceps, 
it was possible to isolate in excess of 100 human anagen 
hair follicles in 1-2 h from a piece of skin 4 cm x2 cm. Hair 
follicles in the early catagen stage of their growth cycle 
were occasionally seen, but were not used in these 
experiments. 

Measurements made on freshly isolated human hair 
follicles and at 24n intervals show (Fig. 1) that in vitro 
isolated human hair follicles significantly increased in 
length over 4 days in culture (P<0.001); the rate of growth 
in vitro being 0.3 mm a day (n=6 patients, 36 follicles in 
total), which approximates closely to that seen in vivo 
(Myers and Hamilton. 1951). 

Photographs taken of freshly isolated and maintained 
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The pattern of keratin 
incubating hair follicles with 
37X3, after which cell extracts 
dimensional SDS-PAGE and a 
phy. The pattern of keratin synjthesis 
isolated hair follicles under 
Fig. 4A (lane 1). In freshly if 
10 % gel we were able to resolve Jjive major 
of 56 and S9K (K-l^AQ and a t ' 
also observed a number of fain£ 
bands between 40 and 46K, 
44/46K. Control experiments 
of gels with a wide-spectrum 
that all these bands were ker 

It was also observed that 
synthesis remained unchanged 
tained for 4 days (Fig. 4A, lane ' 



wr, ich ii 
using ii 



e keratins 



Time (h) 



Fig. 1. Human hair follicle growth in vitro. Graph shows 
human hair follicle growth in culture over 96 h. Results 
expressed as the mean±s.E.M. for sequential measurements 
made on hair follicles isolated from n=6 akin biopsies 
(minimum of 6 hair follicles used from each biopsy). 



hair follicles (Fig. 2) show that the increase in length over 
4 days was not associated with any disruption of hair 
follicle architecture. In particular, the length increase can 
he seen from Fig. 2 to be attributed to the production of a 
keratinised hair shaft. 

In order to determine whether the increase in hair 
follicle length observed above was due to the normal 
mechanisms of cell proliferation and migration, [methyl- 
3 H]thymidine autoradiography was carried out. Fig. 3A 
shows that in the freshly isolated follicles the typical 
pattern of DNA synthesis is taking place, with the 
majority of thymidine uptake occurring in the matrix cells 
of the hair follicle bulb, adjacent to the dermal papilla. 
Autoradiography carried out on hair follicles maintained 
for 4 days (Fig. 3B) shows that over 4 days of maintenance 
this pattern remains constant. 



The effects of growth factors ani mitogens on human 
hair follicle growth in vitro one! on the rates of /methyl- 
3 HJthymidine and [U- 14 CJleuci:ie uptake and on hair 
follicle ATP content 
The results of this study i 
measurements of hair follicle le igth were carried out over 
a 72 h period and rates of [me<M- s H]thymidine and [U- 
14 C]leucine uptake and hair bllicle ATP content were 
measured after 72 h in culture. 

Table 1 shows that for hair follicles maintained for 72 h 
in Williams E medium containi: lg 1 % FCS the rate of hair 
follicle growth was 0.81±0.04 mm [ 
[meiAyZ^fflthymidine uptake was 
DNA per 3 h (mean±s.E.M.), am I the rate of [U-"C]leucine 
uptake 204+24 pmol/fg -1 DNA per 3h (mean±s.B.M.): 
hair follicle ATP content wjas 713 ± 65 pmol follicle -1 
(mean±s.E.M.). 

When hair follicles were 
(lOngml -1 ) the rate of hair follicle growth was 
0.70+0.05 mm per 72 h and wai not significantly different 
from that of follicles maintaired in 1% FCS alone, but 
there was a most striking chs nge in the morphology of 
hair follicles maintained witi lOngraP 1 EGF. Fig. 5 
shows sequentially at 24 h irtervals the changes that 
occur in the overall morphology of human hair follicles 
maintained with EGF (lOngiil" 1 ). These observations 



synthesis was studied by 
r^lmethionine for 24 h at 
were separated by one- 
lalysed by autoradiogra- 
esis observed in freshly 
conditions is shown in 
isolated hair follicles using a 
najor bands; a doublet 
triplet of 48/49/50K. We 
lower molecular weight 
included a doublet at 
immunoblot analysis 
keratin antibody confirmed 
(Fig. 4B). 
the pattern of keratin 
in hair follicles main- 
2). 



Table 1. The effects of growth factors on in vitro hair follicle growth, /methyl- 5 'HJthymidine and [U- 14 C]leucine 
uptake and hair follicle ATP content 




Hair follicles 
regulatory factors as listed 
"HJthytmdine and IU-"""" 



out using 5 follicles in duplicate from each skin sample. Hair follicle ATP 
for 72 h with the relevant growth factor using 4 follicles m duplicate from ea 
o compare differences between follicles maintained with I % PCS and treated 



. t ample of sktn. Rates of [.methyl- 
p esence of the relevant growth 
ts likewise were measured after 
_ ja: nple. Statistical analysis was 
follic es (*P<0.05. **P<0 01, 
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Kg. 3, TMtiated thymidine autoradiogw#hs joTiaaSiSed human fjair&Ilicles showing: {A) freshly sso 
Jonl^ Ir eshly isolated hai'K follicles show the typical pattenl ot IMA synthesis, in the hair follicle 
vgkm OSEJurring in the matrix cells (m) of the hatr follicle Mlb„ adjacent to -the' dermal MDl WW. • 
pattern of DNA synthesis remains unchanged. 



lii^etiments carried out »n hair follicles maintained 
with Minoxidil at 200 ng ml" 1 or at 10 /(g mP 1 showed that 
neither of these had any significant effect on either the 
rates of hair follicle growth over 72 h or on the rates of 
[«efM- 3 Hithyrnidin e uptake or [U- i4 C]leucme uptake 
nor there any significant effect on hair Wfcte ATP 
content. For hair follicles maintained wife Minoxidil at 
flftHPtfT 1 for 72 h there was a significant inhibition 
of the rate hair follicle gnrtrth to m&M m» 
per 72b Cmean±S.E.M.); Minoxidil at this e^centra&pn 
ficant effect on the rate of either [mttbyl- 
i or [U- 14 C]leucine uptefce, Br OH t£se half 
| MS* content. 

ffee^ete of growth factors and mtpgg?® on. the ipnger- 
tmri gmyth of human hair fbllides in vitro 
The effects of serum on the longer-term .growth of hair 
follicles in vitro is shown in Fig. 6 and shows thai; sera* 
has aa inhibitory effect on hair follicles maintained over a 
5-day period. It was observed that at 5 days hair follicles 
maintained in serum-free medium were still .growing in a 
linear fashion; but that hair follicles mainteinedvriHj .U& 
FCS were significantly inhibited (P<0.01) as was the 
growth of hair follicles maintained in 20% FCS (P<0.01). 
'There was no significant difference between hair follides 
TOE^faSned in 1% and 20% FCS. 

The effects of growth factors and TPA are shown in 
Fig, 7. This figure shows that both TGF-/J1 (lOngntl -1 ) 
and TFA (100 ngrnl" 1 ) significantly inhibited human hair 



follicle growth after 5 days 



culture (P<0.01) and 
»mpared to contr&l exijas&r- 
(30 ng ml* % had m 
s^ftifieatit effect on Rairfollicl s length when comljarel*© 



(P<0.001), respectively, when 
hnents. EGF (lOngm! -1 } and 
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8%iificati:tly over $ day! „ 
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on hair follicle growth; * 
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\. & ant shows that 2^ngTatdT 4 
i* hair follicle ]" " 



(P<( 01) 



wher fas 



hair for icle growth (P<0.Ol). 
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length was 0.3 mm/day, and tt 
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In our model we have shown that isolated human hair 
fijfihles maintained with EOF show considerable morpbe- 
$04 « ,1 1 hangt - V e h ive found that EGF promotes the 
formation of a elab hair-like structure, w».ich appears to 
tagi it< upward n th< hair follicle until by lay 5 t r 
visually extruded from the ho.- follicle This in vitro 
depilatory effect, which appears to mimic th<» m two action 
of EGF, confirms the value of this model in hair-follicle 
biology, arid may also point to a possible role For EGF in 
regulating sthagen to catagen transformation iwMg the 
hair growth cycle. Table 1 shows that in the presence of 
EGF Ike hair follicles remain viable as determined by both 
haft follicle ATP content and [U- ,4 C]leucine uptake; 
tetany d$ eKpcsfct^dj tile rates of [mc^yi- a H]thymidin€ 



s HJthymidhie, uptake in response to lO ngmi" 1 TGF-01. 
However, this nnot atxompjcried by the gioss morphologi- 
cal alterations obra^ed with EGF. The TGf-j31 effect in 
vitro is cori us because, attajgfe TGF-/ has ix,eii shown 
to be a feotent inhibitor of pi^iifpatioa of .spiilwM cells m 
uifej <Spom e* WW* it is town that topfcsl TE». 
stimulates mouse hair growth (Ogawa and Hatfori, 1983; 
Inohara ci aJ, L98S), and it has wiso been shown that 
topical TFA promote the expression of TGF-0 mRNA in 
vao fAkh-jrst <?f a/ 19881 However, we <?how in Table 1 
that, in vitro, fFA afeo mhibitsl air flttitk growth This is 
compatible wiih our in vitro TGT^l effea, and ideates 
thai in uki0 there may be furtbw uactarac^risad dermal 



aerograph, taken under an 
stowing the 



uptake axe significantly redjMsed. 

Immunohistoehemistry has shown that TGF-/31 is 
present in the mammalian dermal papilla (Heine et aL 
1987) although the biological activity Of this form is not 
clear. Its in vivo function in the hair follicle is also not 
known; however, we have now shown that in vitro TGF-01 
inhibits hair growth. Table 1 shows a significant reduction 
in both flie rates of hair follicle lengthening and [methyl- 



Dermal fibroblasts produce IGF-1 in vitro (Messenger, 
1989); however, in our model v e found no increase in hair 
follicle length in vitro, despite the significant stimulation 
of f/ne^y/- HJthvmidine upta ce. However, it is possible 
that the insulin present in our supplemented culture 
medium is saturating the IGF-1 receptors, although this 
would notexplain the observec stimulation of [met%Z- 3 H> 
thymidine uptake. 
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Fig. 6. Graph showing the effects of serum on isolated human 
hair follicles maintained in vitro over 5 days. Results are 



made on hair follicles isolated from n=6 skin biopsies (6 hair 
follicles used from each biopsy, 36 hair follicles in total). 
(■) Serum-free; (O) 1 % FCS; (□) 20 % PCS. 




f growth factors and 
ir fo licles maintained in vitro 
over6~ days in the presence of 1 % I CS, EGF (10 ng ml - J). IGF- 
1 (30ngmr 1 ),TGF-/3l (lOngmr 1 ) > nd TPA (lOO/igml -1 ). 

in: s.e.m. for sequential 
icl( s isolated from n«=6 skin 
n < ach biopsy, 36 hair follicles 
(II) EGF; (•) TGF-01; 



1 (30ngml- .. . . _ 
Results are expressed as the 
measurements made on hair follicle s 
biopsies (6 hair follicles used from 
in total). (♦) 1 % FCS; (O) IGF-1; 
(d)TPA. 



In this study we have also looked at the effect of serum 
on maintained human hair follicles and shown that when 
human hair follicles were maintained in serum-free 
medium they were still growing in a linear fashion after 5 
days in culture whereas hair follicles maintained in tissue 
culture medium containing 1% FCS were significantly 
inhibited after 5 days in culture (P<0.01), as were hair 
follicles maintained in 20% FCS (P<0.01); there was no 
significant difference between hair follicles maintained in 
1 % or 20 % FCS. These observations indicate that human 
hair follicles maintained in culture do not apparently have 
a requirement for serum for elongation and that serum 
factors may in fact be inhibitory. It is known that TGF-/J is 
present in serum (Childs et al. 1982) and as we have 
already shown in this study TGF-/J is a potent inhibitor of 
hair follicle growth in vitro. It will be interesting to see 
whether it is TGF-0 in the serum that is inhibiting hair 
follicle growth or whether other inhibiting factors are 
present 

Minoxidil stimulates human hair growth in vivo 
(CHssold and Heel, 1987). We found, however (Table 1), 
that up to 72 h in vitro Minoxidil either had no effect, or at 
200 [ig ml -1 significantly inhibited hair growth, without 
effect on cell viability. Recent in vivo studies, however 
(Frienkel et al. 1989), indicate that Minoxidil may not 
increase the rate of hair growth as such, but rather it may 
increase the length of anagen by shortening the time that 
the hair follicle is in the resting stage of its growth cycle. 
We would, therefore, not necessarily have expected a 
Minoxidil stimulation of an anagen hair follicle that was 
already growing at a rate close to that seen in vivo. 

However, for hair follicles maintained for 5 days in the 



effs ctive d 



[) significai ltly 



presence of Minoxidil l 
Minoxidil (0.95 jum) significantly 
growth. This was not apparently 
actual stimulation of hair g 
Minoxidil was counteracting 
of hair growth at 4 days. This 
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system, that the minimum 
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significant effect on human 
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growth. Again these 
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high as 10 mM Minoxidil is 
hair follicles isolated by the 
much more sensitive to Minoxidil. 

In conclusion, we have 
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division in the hair follicle 
this model in hair follicle 1 
by the ire vitro effects of EGF, 
vivo, and by the growth inhibii , 
the observation that hair follicles 
of time in serum-free medium 
to regulate their own growth, 
relevant growth regulatory 



e biology 



observed that 200ngml -1 
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" 3 serum-induced cessation 
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_ the human hair follicle we 
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ii hibitory. Clearly, human 
methods described here are 
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Fig. 8. Graph showing the effects of Minoxidil on isolated 
human hair follicles maintained in vitro over 6 days. Results 
are expressed as the mean±s.E.M. for sequential measurements 
made on hair follicles isolated from n=6 skin biopsies (6 hair 
follicles used from each biopsy, 36 hair follicles in total). 
paOOngml" 1 Minoxidil; (O) 10/ugnil~ l Minoxidil; 
(•) 200 /(gml- 1 Minoxidil; (■) 1% FCS. 

useful in identifying the autocrine/paracrine mechanisms 
that operate in the hair follicle. 

We thank Mr F. V. Nioolle of the Harley Street Clinic, London, 
for providing us with human face lift skin, and Dr Julian Berth 
for many helpful comments made durmg the course of this study. 
We also thank Unilever Research, Colworth House, Sharnbrook, 

Bedford England for financial assistance. M.P. was an SERC Sawada, M , Terada, N„ Taniovchi. H ., Tateishi, R. and Mori, Y. 
CASE student T.K was a Wellcome Senior Clinical Research Cyclosporin A stimulates ha.r growth In nude mice. Ub. 

Fellow. 

hairs. «/. Clin endoer. Metab. 38, 811-^19. 
References Stork, M. B., Roberts, A. B., WAKsriEij), U M. and Crombruooke, B 

(1987). Some recent advances in the chemistry and biology of 
transforming growth fector-beta. J. CM Biol. 105. 1039-1045. 
Stanley, P. E and Williams, S. G. (1959). Use ofliquid scintillation 



_ in hair growth 
60, 365-369. 

Philpott, M. P., Green, M. R. ano Kealey, T. (1969). Studios 
biochemistry and morphology of fresh iy ' ' —=-'-= 
hair follicles. J. Cell So. 93, 409-418 



Akhubst, R,, Fee, F ano Balmain, A. (1988). Localised production of 

TGF-/J mRNA in tumour promoter-stimulated mouse epidermis. 

Nature 331, 363-365. 
Buhl, A. E., Waldon, B S„ Kawabe, T. T. and Holland, D, V. M. 

(1989). Minoxidil stimulates mouse vibrassae follicles in organ 

culture. J. invest. Derm. 82, 315-320 
Childs, C. B , Proper, J. A., Tucker, R. F. and Moses, H. L. (1982). 

Serum contains a platelet-derived transforming growth factor. Proc. 

natn. Acad. Sci, U.SA. 79, 5312-5316. 
Clissolo, S. P. and Heel, R C. (1987). Topical minoxidil A preliminary 

review of its pharmacodynamic properties and therapeutic efficacy in 

alopecia areata and alopecia androgenetica. Drugs 33, 107-122. 
Fiszer-Szafa&t, B., Szafarj, D. and De Mumllo, A. (1981), A general 

fast and sensitive micro method for DMA determination. AnalyL 

Biochem. 110, 165-170. 
Frienkel, R. K., Skoutblin, A. and Tracsyk, T. N. (1389). Topical 

minoxidil prolongs anagen and shortens telogen in rats. J invest. 

Derm. 92. 430 (abstract). 
Green, M. R. (1989). Distribution of TGF-/J1 during the hair growth 

cycle: Relationship with connective tissue sheath and the dermal 

papilla. J. invest Derm, 92, 436 (abstract). 
Green, M. R., Basketter, D. A . Couchman, J. R and Rbes, D. A. 

(1983). Distribution and number of epidermal growth factor receptors 

in skin is related to epithelial cell growth. Devi Biol. 100, 506-512. 



i triphosphate by the luciferase 

I 29, 381-392. 

Sultan, C , Bakkar, K. and Vekmokken, A. J. M. (1989). The human 
hair follicle: a target fbr androgens I i Trends in Human Hair Growth 
and Alopecia Research (ed. Van Nesfc , D„ Lachapelle, J. V ' 
Antoine, J. U, pp. 89-88. Kluwer Academic Publishers, N 

Takayasu, S. and Adachi, K. (1972). T » conver 
dihydrotestosterone by human hair follicles. J. clin. endoer. Metab. 34. 
1098-1101. 

Towbin, H., Stahelin, T. an 
transfer of protein from polyacryUmi ie gi 
Proc natn. Acad. Sci. USA. 76, 439 -4354 

Waldon, D. J., Buhl, A. E., Baker, C. A. and Johnson, G. A. (1989). Is 
minoxidil sulphate the active metabo ite for hair growth. J. ii 
Derm. 92, 538 (abstract). 



(Received S 
Human 



1990 - Accepted 6 August 1990) 
liair growth in vitro 471 



